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Introduction 
Approximately half of the compliance of the arterial tree 
resides in the proximal aorta. The ability of the aortic 
wall to distend constitutes a powerful mechanism to 
reduce cardiac afterload. Therefore, accurate estimation 
of the aortic wall stiffness is of clinical importance.  
Arterial volume compliance serves as a precise measure 
of wall stiffness. However, researchers often use the 
cross-sectional area compliance as a surrogate measure, 
assuming that the elongation of the aorta during systole 
does not produce significant longitudinal strain. The aim 
of the current study was to test in a computational 
environment whether neglecting the effect of the 
elongation of the aorta during the systolic phase might 
actually compromise the accuracy of the estimated 
aortic wall distensibility. 
 
Methods 
A structural model was built using the 3-D geometry of 
a healthy young male adult which was measured with 
MRI. An appropriate hexahedral mesh was created 
following [1] and was imported in Abaqus. The in vivo 
stress state and the corresponding zero-pressure 
geometry were restored according to the algorithm 
proposed by [2]. The anisotropic constitutive model was 
based on the work of [3] with an incorporated fiber 
dispersion model. An appropriate algorithm was 
developed to optimize fiber directions according to the 
vessel centerline. Material parameters were optimized 
so as to approach the aortic wall distensibility that was 
derived from the measured pulse wave velocity (PWV). 
Viscoelastic boundary conditions were introduced along 
the outer wall to mimic the interaction between the aorta 
and its surrounding tissues and organs [4]. The 
parameters referring to this viscoelastic support differed 
along the outer surface according to the relative position 
of the spine. Aortic root displacement was enforced at 
the proximal boundary according to CT measurements 
performed on a healthy young adult. The pressure 
profile measured at the common carotid artery with 
calibrated applanation tonometry was applied to the 
inner surface of the aortic wall.   
From the simulations, the 3-D geometry was isolated at 
each time increment and its volume was extracted using 
VMTK. The reference wall distensibility as imposed by 
the material properties was derived as (Vmax-
Vmin)/(Vmin*Pulse Pressure). Consequently, seven 
cross-sections were tagged along the aorta and were 
used to calculate the respective area compliances. Two 
different estimations of the aortic distensibility were 
obtained by integrating the area compliances over a) an 
invariable centerline length (based on its value at the 
beginning of systole) and b) a centerline length that 
varied with time.  
 
Results 
Figure 1 shows the comparison between the actual wall 
distensibility (ground truth) and the two estimated 
distensibility values, one referring to the integration 
over an invariable centerline length and the other 
considering the elongation during systole. The error 
improved after considering centerline elongation from -
40% to -19%. 
 
Figure 1: Normalized aortic volume as a function of the 
distending pressure calculated before and after 
considering the elongation of the aorta. 
 
A sensitivity analysis was conducted to test how the 
model parameters affected the two stiffness estimates, 
as shown in Table 1. 
 
Parameters Error without 
elongation 
Error with 
elongation 
Reference state -40.3% -19.1% 
Stiffer material -28.0% -4.5% 
Fixed Boundaries -22.5% -9.4% 
Higher root motion -44.2% -18.7% 
Table 1: Sensitivity Analysis. 
 
Discussion 
Neglecting the elongation of the proximal aorta when 
deriving the aortic wall distensibility from the area 
compliance leads to overestimation of the wall stiffness. 
In light of this evidence, area compliance might not be  
sufficient for the assessment of the aortic wall 
distensibility. We are currently planning to corroborate 
these results with in vivo measurements.  
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